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Palynological analysis of swamp sediments from an interdunal swale provides a vegetation 
and environmental history from c. 4500 years BP to present. Although essentially the same 
vegctation communities of the site and surrounding area are recorded through the period, their 
distributions have clianged due to regional climatic variation and human influencc, particularly 
the impact of European land settlement. Changcs in aquatic plant assemblages are related to 
localised fluctuations in the hydrological regime. Melaleuca and Cyperaceae have persisted as 
dominant taxa, with the hydrophyte Villarsia increasing in importance with a change from 
ephemeral swamp conditions to semi-permanent water about 1500 years ago. Disturbance to 
the hydrological regime in the European settlement phase has scen the proliferation of the 
aquatic herb Myriophyllum and increascs in Restionaceae and Melaleuca as previously swamp 
margin communities expanded over the wetland. A Eucalyptus woodland with an open heath 
understorey characterised the dryland vegetation. Allocasuarina was a significant component of 
the regional vegetation. Increased plant diversity of the woodland understorey and an expansion 
of wetter forcst clements were recorded after 3200 BP, probably due to an increase in climatic 
variability and associated higher burning levels, both natural and anthropogenic, and generally 
higher rainfall, respectively. Marked changes in the dryland record, which include a sharp 
decline in Allocasuarina percentages, the introduction of Pinus and cxotic herbs, as well as 
an increase in the density of the shrub layer, are associated with European settlement and 


possibly alteration to fire regimes. 


POLLEN preserved in swamp sediments provides 
a reeord of past vegetation and environmental 
change. A body of evidence from a range of 
palynological studies (see Dodson et al. 1992; 
Kershaw 1992, 1995) has provided a history of 
late Quaternary vegetation and elimate for the 
Vietorian region. Although major trends in environ- 
mental ehange between sites are similar, details of 
vegetation and elimatie interaetions refleet the range 
of topographie, geologieal and other loeal variables 
represented. The pollen analysis of aeeumulated 
swamp sediments from a wetland within Greens 
Bush on the Southern Mornington Peninsula, 
Vietoria, details changes in vegetation during the 
mid to late Holocene and provides further evidence 
for regional variation in  Vietorian palaco- 
environments including that associated with the 
impaet of human settlement. 


THE STUDY AREA 


Greens Bush (38°25’S,144°52’E) is part of Point 
Nepean National Park loeated about 75 km south 
of Melbourne. It is a 900 ha bushland remnant, 
9 km south of Arthur’s Seat on the Mornington 
Peninsula, Vietoria (Fig. 1). 


The elimate of the study area is temperate with 
a maritime influenee. Estimates from the elimatie 
predietion system BIOCLIM (Busby 1991) indicate 
that Greens Bush reecives an annual mean rainfall 
of 895 mm of which 273 mm falls in the winter 
quarter and 161 mm in the summer quarter. The 
annual mean temperature is about 13.4?C, with a 
mean minimum temperature in the eoldest month 
of 5.4°C and a mean maximum temperature in 
the warmest month of 24.4?C. As with other 
Vietorian eoastal sites, westerly winds predominate 
and mean monthly wind speed varies from 10 to 
30 km hour~. Relative humidity is moderately 
high throughout the year and ranges between 
70-84% (Seaheti & Seott 1986). 

Greens Bush lies approximately 120 m above 
sea level on an undulating topography of subdued 
siliceous dunes derived from Pleistoeene ealearenite 
(Keble 1968). The soils are sandy podzols with 
humie podzols in low-lying areas. 

The regional vegetation of the Mornington 
Peninsula has been deseribed by Calder (1972, 
1986). Allocasaurina verticillata-Melaleuca lance- 
olata woodland was the major assoeiation on the 
ealeareous sands west of the study site. However, 
during the mid-Nineteenth Century timber eutters 
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and limeburners depleted this community (Calder 
1986). The A. verticillata community has been 
largely replaced by Leptospermum laevigatum 
Scrub. Eucalypt woodland and heathland are 


Portsea 


dominant on the siliceous sands whercas open 
eucalypt forest charactcrises the heavier soils of 
the region. Wet sclerophyll forest is associated 
with the moist gullies and creek lincs (Conn 1993). 
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Fig. 1. The location of the study area. 
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In areas of poor drainage Melaleuca squarrosa 
scrub oceurs. Calcarenite cliffs and unconsolidatcd 
coastal duncs between Cape Schanck and Point 
Nepean support a coastal flora which includes 
Ozothamnus turbinatus, Leucopogon parviflorus, 
Alyxia buxifolia and chenopods such as Rhagodia 
candolleana (Scaheti & Scott 1986; Barson & 
Caldcr 1981). 

The vegctation of Greens Bush comprises 
heathland, woodland, forest, scrubs and swamps 
(Parr-Smith & Smith 1978). Heathland occurs on 
the drier sand dune crests and is dominated by 
Xanthorrhoea australis, Leptospermum myrsinoides, 
Banksia marginata, Hypoleana fastigiata, Epacris 
impressa and  Fabaccae such as — Dillwynia 
glaberrima and Aotus ericoides. Woodland com- 
munities are found on the sandy ridges and slopes. 
The woodland communities comprise a canopy 
of Eucalyptus obliqua with a heathy understorey 


of Monotoca scoparia, Amperea — xiphoclada, 
Leptospermum —— myrsinoides and Pteridium 
esculentun. The heathland and woodland com- 
munities have affinities with Leptospermum 


myrsinoides heathland (WPC 8.3) described by 
Opie ct al. (1984) and Conn (1993), sand hcath- 
land (LCC 1991) and tea-trce heath described by 
Cheal et al (1989) . The presence of Xanthorrhoea 
australis is a distinctive component of the Greens 
Bush communities, Forcst units have a mixed 
canopy of Eucalyptus obliqua and Eucalyptus 
radiata with a lower stratum comprising Acrotriche 
serrulata, grasscs such as Poa labillardieri and the 
herbs Viola hederacea, Hydrocotyle hirta and 
Gonocarpus tetragyuus. Forest units are scattered 
on gentle, well drained slopes. In the incised valleys 
of Lightwood and Main ereeks, wet sclcrophyil 
communities are found. The community is 
characterised by a canopy of Eucalyptus viminalis 
and Eucalyptus obliqua, a mid-stratum of 
Prostauthera — lasianthos, Acacia melanoxylon, 
Olearia argopliylla and Pomaderris aspera, with 
the ferns Dicksonia antarctica, Calochlaena dubia 
and Bleclinum nudiwn present in the lower stratum 
(Conn 1993). The wet sclerophyll community 
has some affinitics to wet sclerophyll forcst 
(Mel 9.2, 9.3) described by Cheal et al. (1989). 
In waterlogged sites a Melaleuca squarrosa scrub 
dominates over a closed layer of Gleiclenia 
microphylla and the rush Empodisma minus. ln 
areas of seasonally poor drainage, small remnants 
of wet heathland persist and comprise species such 
as Sprengelia incarnata, Epacris obtusifolia and 
Allocasuarina paludosa. \nterdunal swamps are 
seasonally inundated and dominated by sedges 
such as Lepidosperma longitudinale and Baunea 
rubiginosa. \n locations where sufficient water 


exists throughout the year, thc swamps contain a 
suite of semi-aquatic species and often exhibit 
distinct zonation. The swamp communities of 
Greens Bush have close affinities to swamp 
sedgeland (WPC 14.2, 14.3) described by Opic 
et al (1984), the Land Conservation Council 
(1991) and Conn (1993). 

Greens Bush is a conservation area of significant 
ecological importance. With only 14% of the 
Peninsula supporting natural vegetation, about half 
in viable remnants, Greens Bush represents one 
of six remaining larger reserves. Sevcral of thc 
plant communities of Greens Bush are regionally 
rare, especially the swamp and wet sclerophyll 
communities. The swamp communities are reported 
to be of high ecological and conservation value 
(Larwill & Costello 1992). Similar swamp com- 
munities found in the Westernport Region are 
considered rare (Opie et al. 1984). Calder (1986) 
concluded the wet sclerophyll forests of the 
Peninsula, including those found in Grecns Bush, 
to be of significant conservation and biological 
value for the occurrence of many speeies which 
are confined to this vegetation community on thc 
Mornington Peninsula. Twenty-two per cent of the 
144 speeies of indigenous flora identified in a 
preliminary survey of Grecns Bush by Carr et al. 
(1988) were of State or regional significance. 
Euplirasia collina ssp. muelleri, an endangered 
specics (Gullan et al. 1990), is found in the 
heathland community of Greens Bush. 

Prior to European settlement the Mornington 
Peninsula and Westernport Region, including the 
area now designated as Greens Bush, was inhabited 
by a sub-clan of the Bunurong, the Mayonc- 
Balluk, (baloke meaning swamp) (Barwick 1984). 
Archaeological research attests to the importance 
of swamps for aboriginals in the supply of 
food resources, potable water and raw materials. 
Evidence seems to suggest that the swamp 
environments of the hinterland were the long term 
focus of oceupation (Sullivan 1981; Gaughwin 
1981; Ellender & Weaver 1990). Gaughwin (1983) 
illustrated a pre-contact land use model in which 
the coastal margins were relatively unimportant in 
the food quest and the main focus was on the 
hinterland with campsites on the ecotone between 
woodland and wetland. It seems likely that local 
Bunurong used fire for manipulation of food 
resources and access purposes with the suggestion 
that tea-tree scrub was regularly burnt (Gaughwin 
1981). 

The European land usc history and settlement 
of Greens Bush is sketehy. In the 1840s and 1850s 
the area in and around Grecns Bush was taken 
up for large cattle runs. In 1926 Edward Green 
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purehased mueh of the land now gazetted as 
national park. The land was used for grazing, 
associated land elearanee and pasture improvement, 
with the eentral bloek retained in its ‘natural’ state. 
Aneedotal reports suggest that burning took place, 
and, although the extent and frequeney of burning 


0 


is unknown, there is evidenee to support the notion 
of an inereasing number of fires or inereasing 
fire intensity immediately following European 
settlement (Muller 1993). The last major fire 
burnt Greens Bush in 1962. 
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Fig. 2. The pollen core site in relation to the vegetation communities on and surrounding Big Swamp. 
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THE POLLEN SITE 


Material for pollen analysis was obtained from 
Big Swamp, a shallow freshwater marsh (Corrick 
& Norman 1988) located in the headwatcrs of 
Lightwood Creek, in the western block of Greens 
Bush (Figs 1, 2). The swamp is about 260 m long 
and 150 m across at its widest point. Its long axis 
runs NW-SE. The surface of the swamp is 
relatively flat with only a slight slope toward a 
small outlet at its south-eastern end. The outlet 
flows into a tributary of Lightwood Creek. The 
swamp lies in an interdunal swale. 

The hydrology of the swamp is affected by 
seasonal variations in precipitation and changes 
in the groundwater table. Similar hydrological 
patterns have been found on siliceous dunes in 
the region (Shugg 1991). In April 1991 the water 
table was 10 cm below the swamp surface, with 
surface water levels attaining a depth of 30- 
50 cm by August. Water levels fluctuated slightly 
through the summer of 1991-92 with permanent 
water remaining throughout 1992. 

The vegetation of the swamp shows a distinct 
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zonal pattern (Fig. 2). Swards of Villarsia reni- 
formis and Myriophyllum | crispatum characterise 
the open waters of the swamp with sporadic 
occurrences of Amplibromus recurvatus (Plate 1). 
A patch of Eleocharis spachelata has an isolated 
occurrence in the centre of the swamp. ln the 
surrounding shallower waters, a sedgeland of 
Lepidospenna longitudinale and Baumea rubiginosa 
dominates with Bawnea tetragona less prolific 
(Plate 2). The margins of the swamp are colonised 
by a closed scrub of Melaleuca squarrosa and 
Melaleuca ericifolia, with Empodisma minus, 
Selaginella uliginosa and Splagnun subsecundum 
forming a dense, mattcd ground cover. Emergent 
Eucalyptus ovata occur in the closcd scrub. The 
surrounding woodland community is dominated 
by Eucalyptus obliqua with a heath understorey 
of Monotoca scoparia, Xanthorrlioea | australis 
and Leptospermum myrsinoides (Plate 3). Lepto- 
spermum continentale is a common species of both 
the heathy woodland and closed scrub communities. 
Banksia marginata, Dillwynia glaberrima, Amperea 
xiphoclada, Leucopogon virgatus and Acacia 
suaveolens are less prominent species in the 


Open water community of Big Swamp with swards of Villarsia reniformis (January 1992; photo: 
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Plate 3. Heathy V of Eucalyptus obliqua. with an understorey of Leptospermum myrsinoides, Monotoca 
scoparia and Xanthorrhoea australis surrounding Big Swamp (November 1992; photo: M. Jenkins). 
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heathy understorey. Herbaceous taxa of the wood- 
land community include Lagenifera stipitata and 
Burchardia umbellata. 

The swamp is considered of State conservation 
significance because of its high ecological and 
conservation value (Larwill & Costello 1992). The 
wetland plant communities are regionally rare 
(Carr et al. 1988; Fitzsimons 1989). The con- 
tinuity of the ecological gradient between swamp 
sedgeland, surrounding Melaleuca scrub and 
heathland, make the mosaic of vegetation highly 
significant. Frood and Calder (1987) consider 
both Melaleuca scrub and swamp sedgeland as 
depleted in Victoria, and in need of conservation. 
A number of plant species recorded in and around 
the swamp are considered regionally significant 
in both the Melbourne and Westernport regions. 
These taxa include Amphibromus recurvatus, 
Villarsia reniformis, Spiranthes sinensis, Utricularia 
spp. and Xyris gracilis (Beauglchole 1983; Opie 
et al. 1984; Larwill & Costello 1993). The wet- 
land is also of an important habitat for Latham's 
Snipe (listed on the Japan-Australia Migratory 
Bird Agreement). 


METHODS 


The sediment core for pollen analysis was taken 
within the open water community close to the 
centre of the swamp (Fig. 2). The core, 118 cm 
in length, was extracted in scctions with a D section 
sampler (Moore & Webb 1978). lt was described, 
in thc laboratory, according to the Trocls-Smith 
(1955) system of sediment stratigraphy. 

The core was then sampled at 4 cm intervals 
from 2 cm to 118 cm depth with an additional 
sample taken from the surface. Slices of | cm 
thickness were removed and a 1 cm? subsample 
extracted from the uncontaminated centre of 
each slice for pollen and charcoal analysis. The 
remainder of each slice was used for moisture 
and organic determinations, which involved oven 
drying at 100°C for 24 h and fumess ignition at 
500°C for 2 h respectively. 

The ] em? samples were treated by the standard 
potassium hydroxide, hydrogen fluoride digestion 
and aeetolysis methods as described by Facgri & 
Iverson (1975) in order to remove the sediment 
matrix and thereby concentrate the pollen and 
charcoal. The residue from each sample was 
immersed in a known amount of silicone oil 
and stored in vials. A measured volume of each 
sample was then mounted on microscope slides 
for pollen counting and identification and for 
chareoal counting. 


Identification of pollen grains and spores was 
made by comparison with reference slides and 
photographs located in the Department of 
Geography and Environmental Science, Monash 
University. The Myrtaceae were the most 
problematic group to identify because of con- 
siderable overlap in morphological features 
between genera and the presence of degraded 
grains. Eucalyptus pollen was distinguished from 
other genera by its equatorial diameter (17-24 pm), 
parasyncolpate apertures, thickened pores and 
the presence of a polar island. Melaleuca were 
classified according to their parasyncolpate/ 
syncolpate apertures and equatorial diameter (16— 
20 um). Leptospermum are thin pored, syncolpate 
grains with an equatorial diameter of 12-18 pm, 
sometimes with a faintly scabrate exine. Pollen 
grains with characteristics intermediate between 


Leptospermum and Melaleuca were classified 
as  Myrtaceous shrubs. Allocasuarina pollen 
was separated into species based on grain 


size (Kershaw 1970; Dodson 1974; Hooley et al. 
1980). Allocasuarina pollen grains with an 
equatorial diameter of 232 ym were classified 
as Allocasuarina verticillatta. Allocasuarina pollen 
«32 pm was classified as Allocasuarina littoralis. 
Native and introduced species of Plantago were 
separated on the degree of aperture thickening. 

Two hundred dryland pollen grains were counted 
on each slidc using an Olympus binocular CHA 
microscope at a magnification of 600x. Pollen 
grains were counted along evenly spaced transects 
over the whole of each slide to account for thc 
preferential distribution and behaviour of different 
sized particles in the oil medium. The number 
of transects required to count a minimum of 
200 dryland pollen grains was recorded to allow 
an estimate of pollen density. 

All opaque, black angular fragments greater than 
10 um were classified as charcoal. The abundancc 
of charcoal as square millimetres per cubic 
centimetre was calculated by the Point Count 
Estimation Techniquc outlined by Clark (1982). 

A -radiocarbon ("C) date for the core was 
determined from sediment taken at a depth of 
80-90 cm. The low organic content of the basal 
sediments necessitated a bulk sample to obtain an 
accurate minimum age for initial swamp formation. 
Root fragments which may have been younger 
than the sediment matrix were removed. The 
sample was dispatched to the Radiocarbon Dating 
Laboratory at the University of Waikato, New 
Zealand for analysis. 

Inferred dates for the pollen zones and basal 
sediments were determined from the radiocarbon 
date, the time of arrival of Europeans, and the 
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dryland pollen aceumulation rate, on the assumption 
of a constant influx of pollen through time. The 
time of European arrival was identificd by the first 
presence of cxotic pollen in the reeord. 


RESULTS 


The results of pollen, chareoal, moisture and 
organic content analysis, along with the core 
stratigraphy are shown diagrammatically in Figs 3 
and 4. Values for all individual pollen taxa are 
expressed as pereentages of the native dryland 
plant pollen sum for each sample. Pollen and 
ehareoal particle concentrations are shown as 
numbers per cm? and mm? per cm? respeetively. 
Moisture content is shown as a percentage of 
the wet weight of the sample. Organic content is 
shown as a percentage of the dry weight of the 
samplc after ignition at 500?C for 2 h. 

The pollen diagram has bcen divided into zones 
on the basis of major changes in the representation 
of pollen taxa and the presence of taxa indieative 
of a particular vegetation type. 


Description of the pollen zones includiug 
sediment stratigraphy 


Zone 1 (118-70 cm) c. 4500 BP-c. 3200 BP. The 
basal sediments from 118 to 106 cm eonsisting 
of a mottled, light grey grana (sand) with a very 
low organie content (2-3%) and a moisture content 
of only 18-20% are devoid of pollen. Substantia 
humosa (deeomposed peat) forms the matrix of 
the sediments between 106 and 70 cm with a grana 
component decreasing in representation toward the 
top of the unit. 

The major aquatic pollen taxa within this zone 
arc Melaleuca, Bawnea and other Cyperaceae, with 
Sphagman recording its highest representation in 
the diagram. Typha, Triglochin and Villarsia have 
low and variable percentages. 

The dryland woody pollen taxa Allocasuarina, 
Eucalyptus and Leptospermum have consistently 
high pereentages with Allocasuarina dominant 
exeept for a dip recorded at 86 cm. Asteraceae is 
the major woody/herbaceous taxon with Poaceae 
the major herbaceous taxon. Other dryland woody 
and herbaceous taxa, as well as pteridophytes have 
low and generally sporadic representation. 

Pollen density is at its lowest level for the 
diagram in the basal part of the zone, where 
there are also many eroded grains, but increases 


sharply between 86 and 78 cm depth. Dryland 
taxa constitute greater than 50% of the pollen 
assemblage with woody taxa the most signifieant 
proportion of the dryland component. Charcoal 
values increase steadily through the zone. 


Zone 2 (70-14 cm) c. 3200 BP-e. 150 BP. The 
scdiments remain similar to those in the upper 
part of the last zone except towards the top where 
there is a change to more fibrous Detritus herbosus 
or peat. The organic content remains below 2596 
and water eontent, although increasing gradually 
through the zone, does not excced 40% of wet 
weight. 

Melaleuca, Baumea and Cypcraceae persist as 
the dominant aquatic taxa with Villarsia beeoming 
an additional significant component in the top 
half of the zone. Sphagnum percentages decrease 
markedly while Restionaceae is eonsistently present 
and has an increased percentage in the top sample. 
The only other notable aquatic, Typha has low and 
variable representation. 

Allocasuarina more clearly dominates the dry- 
land component, partieularly in the middle of 
the zone where values of both Eucalyptus and 
Leptospermum are relatively low, Asteraceac per- 
centages are slightly redueed but the woody/ 
herbaeeous component is maintained by higher 
values of both Chenopodiaceae and Amperea. 
Poaceae maintains its representation. The zone 
shows generally high dryland pollen diversity 
with the more eonsistent presence of the woody 
taxa Pomaderris, Dodonaea and Epacridaceae, the 
herbaceous taxa Plantago (native), Hydrocotyle 
and Gonocarpus and the tree fern Dicksonia. 
Pollen density is highest elose to the base of the 
zone with a gradual decline toward the top. Dryland 
taxa continue to dominate the pollen assemblage 
with woody taxa the major dryland eomponent. 

Within this zone, pollen density generally 
decreases from an early highest peak for the 
diagram. Overall charcoal abundance increases 
through the zone, though there are marked 
fluetuations in its representation. 


Zone 3 (14-0 cm) c. 150 BP-Present, This seetion 
of the deposit consists of a sub-fibrous, dark brown 
detritus herbosus (peat) with maero plant remains 
diseernible in the top 10 cm. Organie content 
reaches its maximum of 7296 at 6 em with a 
corresponding peak in moisture content. 


Fig. 3. Aquatie pollen diagram from Big Swamp. The values for all taxa are expressed as percentages of total 


dry land pollen for each sample. 
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Fig. 4. Dry land pollen diagram from Big 
Swamp. The values for all taxa are expressed 
as percentages of total dry land pollen for 
each sample. 
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The base of the zone is characterised by a signi- 
ficant change in the composition and abundance 
of both aquatic and dryland pollen taxa while there 
are substantial variations within it. Within the 
aquatic taxa, Melaleuca records its highest valuc 
for the reeord at 10 em depth before declining 
again, Restionaceae has high values through much 
of the zone while Eleocharis and particularly 
Myriophyllum beeome important eomponents of 
the flora, for the first time, within the top- 
most sample. Villarsia values have declined and 
Spliagnum loses its consistent representation. 

Thc dryland component is marked by very low 
values of Allocasuarina, exeept in the top sample, 
highest values for Leptospermum and Banksia 
within the diagram in the basal two samples of 
the zone, and the introduction of the exotic taxon 
Pinus. Allocasuarina («32 pm) was only recorded 
in the topmost sample. Poaceae records its highest 
representation in this zone. Plantago varia declines 
in representation with the introduction of the exotic 
Plantago lanceolata while the herbaccous taxon 
Rumex, probably also from exotic plants, records 
low percentages. Ferns are poorly represented and 
no trce fern spores were recorded. 

Pollen density declines further within this zone, 
before a slight inerease toward the surfaec. The 
percentage of aquatic taxa remains relatively 
eonstant and dryland taxa continue to dominate 
the pollen assemblage. Charcoal abundance has a 
peak value for the diagram in the basal sample of 
this zone before declining to low levels. 


DISCUSSION 


Swamp development and aquatic vegetation 


The swamp, which lies on a former drainage 
line of Lightwood Creck, began to aecumulate 
polleniferous, organic sediments around 4500 BP. 
The reason for swamp initiation at this time is 
difficult to determine. It is possible that a decrease 
in effective precipitation after the mid-Holocene 
‘climatic optimum’, dated generally to between 
7000 and 5000 years BP (Kershaw 1992) led to 
a reduction in the erosive power of the stream 
allowing sediment to aceumulatc rather than being 
washed out of the system. Such an explanation has 
been suggested for the development of Tawonga 
Bog, a lowland site in the Kicwa valley, north- 
east Victoria (Kershaw &  Grcen 1982), and 
Jackson's Bog in the Monaro Tablelands, New 
South Walcs (Southern 1982) at this time. How- 
ever, it is unlikely that Lightwood Creek ever had 
great erosive power and more feasible alternative 
explanations include the possibility that previously 


aeeumulated sediment was oxidised under dry 
conditions following the 'climatic optimum' and 
that some reorganisation of the dune system 
during this drier phase created a suitable basin for 
water and hence organic scdiment accumulation. 
Other causal faetors may inelude fire. Firing of 
the swamp and surrounding catehment may have 
contributed to the loss of pre-existing scdiments 
through the combustion of peat layers and 
reorganisation of the dune sands through loss of 
stabilising vcgctation. 

The inorganic nature of the basal sediments 
together with a high proportion of eroded pollen 
grains in the basal part of zone | suggests that 
ephemeral swamp  eonditions prevailed. The 
relatively high pereentages of Sphagmun, which 
is noted to undergo sporogenesis when under 
stress (Kershaw & Gell 1990), and the consistent 
representation of Typha which is able to establish 
from seed on exposed muds and can tolerate an 
inorganic substrate, add support to the proposal 
for the existence of ephemeral swamp. It is likely 
that the centre of the site was dominated by 
sedges with patches of Typha and open water con- 
taining Villarsia surrounded by marginal Melaleuca 
thickets. Sphagnum moss may have provided an 
understorey to many swamp communitics. 

Towards the end of the period represented by 
zone l, the higher organie content of the sediment 
indicates more permanent swamp conditions. 
However, there is little indication of a vegetation 
change until the middle of zone 2, estimated to 
have been about 1500 years BP, when there is a 
further inerease in the organic component and 
presumably a consistently higher water table. An 
incrcasc in water level may explain the apparent 
expansion of Villarsia which may have been pre- 
viously restricted to shallow water depressions 
due to the fact that it dies back when stranded 
(Aston 1973), and a decline in Sphagnum due to 
a reduction in water stress. 

The European phasc (zone 3) is marked by 
significantly increased variability in the aquatic 
pollen record. Myriophyllun makes a sudden 
appearance in the pollen spectra of this zone; its 
high representation possibly induced by nutrient 
loading of swamp waters and fluctuating water 
levels as a consequence of land clearance and 
cattle grazing. Orchard (1986) noted that the gcnus 
often grows prolifically in high nutrient waters 
and has a high propensity to flower when 
stranded. Other studies (Gell & Stuart 1989; 
Aitken & Kershaw 1993) have attributcd an 
inerease in Myriophylhun within very recent 
times to changes in water quality and yield. The 
incrcase in Myriophyllum may also be related to 
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its phenotypic plasticity. This aquatic/paludal genus 
is able to produce erect, robust stems and spread 
by the formation of adventitious roots from nodes 
when stranded (Orchard 1986). The peaks in 
Restionaceae and Melaleuca are consistent with 
local fluctuations in water level as marginal 
swamp communities increased their extent, at 
least initially. Although the pollen spectra indicate 
some variation in swamp levels, the presence of 
the emergent macrophyte Eleocharis and the 
submerged hydrophyte Villarsia suggest the con- 
tinued presence of open water communities. The 
increase in the organic content of sediments and 
the rapid sedimentation rate, implied by low 
pollen densities, are consistent with a productive 
swamp. 

The aquatie pollen data indicates that the 
conservation of wetland plant communities in 
Greens Bush is reliant upon limiting degrading 
processes such as eutrophication and alteration 
of catehment hydrology. The weedy expansion 
of the aquatic herb Myriopliyllum, in response to 
altered water quality and hydrology, may result 
in the exclusion of small, localised populations 
of significant species such as Utricularia spp. or 
Spiranthes sinesis, with a concomitant decrease in 
floral diversity. Similarly, the spread of Melaleuca 
thickets over the swamp surface, with changes in 
the hydrological regime through altercd catchment 
processes, may lead to a reduction of sedge and 
open water communities and a decline in thcse 
regionally rare plant community types. 


Terrestrial vegetation 


The vegetation of the region was relatively constant 
during the pre-European period. An Allocasuarina 
verticillata (represented by Allocasuarina >32 um) 
open woodland probably dominated the vegetation 
of the Nepean Peninsula west of Selwyn's Fault 
as evidenced by the relatively high percentages 
of this regional pollen type in the record and 
early historical accounts (Tuckey 1805). The 
constant background presence of Chenopodiaceae 
in the pollen spectra reflects the regional presence 
of coastal communities colonised by such taxa 
as Atriplex cinerea and Rliagodia candolleana. 
Similarly, the presence of  Pomaderris, Prost- 
anthera, Coprosma and the ferns Dicksonia and 
Cyathea in the record highlights the existence of 
wet sclerophyll communities in thc entrenched 
gullies of Lightwood and Main Creek. 

A Eucalyptus woodland with a dry, open heath 
understorey with a mix of herb taxa most likely 
characterised the dryland vegetation immediately 
surrounding the site over the last 4500 years 


(zones 1, 2). Leptospermum has been a major 
component of the understorey with Epacridaceae, 
Banksia, Acacia and Amperea comprising lesser 
components of the shrub strata. Taxa such as 
Hydrocotyle, Goodeniaceae and Haloragis make 
up the herb component. Significant percentages 
for Allocasuarina littoralis (represented by Allo- 
casuarina «32 um) suggest that this specics may 
have bcen a more substantial component of the 
surrounding sclerophyll vegetation in the pre- 
European phase than indicated by its present 
distribution. 

After 3200 BP, the dryland vegetation became 
more diverse with an increased representation of 
understorey and herbaceous taxa. Greater diversity 
in the vegetation. during the period represented 
by zone 2 may be related to increased climatie 
variability with intensification of the El Nino- 
Southern Oscillation (ENSO) (McGlone et al. 1992; 
Aitken & Kershaw 1993) limiting competitive 
exclusion of taxa due to fluctuations in moisture 
regimes. Higher Icvels of charcoal in this zone 
suggests that increased burning, possibly duc to 
the climatie variability, was also a contributing 
factor. Despite this evidence for climatic variability, 
the more consistent valucs for Pomaderris and 
Dicksonia in zone 2 suggest a slight expansion in 
wet sclerophyll elements during this period and 
support the aquatic evidence for generally higher 
precipitation levels. This feature of the climate 
also has regional support (Kershaw 1995). The 
synchronous increase in moisture dependent species 
and understorey taxa tolerant of disturbance arc 
consistent with patterns described elsewhere in the 
Australasian region during the latter part of the 
Holocene (McGlone et al. 1992). 

There is some ethnohistorical evidence for 
anthropogenic burning as a contributory explanation 
for increased fire and a more diverse vegetation 
at the site after 3200 BP. Deliberate burning by 
aboriginals for resource utilisation and access 
purposes has been noted with the suggestion 
that areas were regularly burnt (Gaughwin 1981). 
However, the extent and nature of the burning 
has not been fully determined, Ellender (1991) 
hypothesises that exploitation of hinterland 
swamps, similar in nature to Big Swamp, may 
have been associated with purposeful firing of 
the surrounding vegetation. It would secm that 
anthropogenic influence may in part be implicated 
in the vegetation dynamics of the site. 

The European phase of the terrestrial record 
(zone 3) shows significant changes in pollen 
assemblages. The presence of Pinus pollen 
characterises the phase and corresponds with 
the establishment of softwood plantations and 
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windbreaks on the southern Mornington Peninsula 
during the late 1800s. The sudden deeline in 
Allocasuarina is probably related to land clearance 
and timber harvesting (Calder 1972). Decline in 
the abundance of Al/locasuarina with European 
settlement has been documented in a number of 
palaeoecological studies (e.g. D'Costa et al. 1989; 
Head 1988). However the subsequent apparent 
recovery of the taxon has not been noted else- 
where in the region and it may be unwise to 
place too much significance on the evidence 
from one sample. 

Leptospermum shows significant increases at 
the beginning of the European phase and is 
indicative of an increase in the density of the 
shrub layer. Leptospermiun myrsinoides and, to 
a lesser extent, Leptospermum continentale are 
the dominant taxa in the heath understorey/heath- 
land of the site and the most likely constituents 
of the Leptospermun sum given the limited dis- 
persal of the genus (Dodson 1983). Leptospermum 
myrsinoides flowers profusely and its high 
representation may be attributed to post fire 
regencration following the episode(s) of intense 
fire noted by the high charcoal level. An increase 
in the intensity and or frequency of burning in the 
late 1800s and early 1900s has been suggested 
(Muller 1993). The decrease in Leptospermum 
pollen toward the surface may indicate senescence 
of individual plants and a decline in the 
phenological capacity of L. myrsinoides as a con- 
sequence of more recent fire exclusion policies. 
The last major fire in Greens Bush was reported 
in 1962 (Muller 1993). 

In the basal samples of the European phase of 
the terrestrial pollen record, taxa show differential 
response to fire. Leptospermum and Banksia 
increase their representation in response to fire, 
whereas Pormaderris and Allocasuarina littoralis 
(Allocasuarina «32 um) decline. The decline in 
Allocasuarina littoralis may be related to its 
incapacity to resprout vegetatively following intense 
fire and/or lack of a nearby seed source as a 
eonsequence of timber harvesting. Similarly, the 
decline in Pomaderris may be related to its fire 
sensitivity. 

As indieated by the pollen record, the manage- 
ment and conservation of plant communities in 
Greens Bush is in part rclated to fire regime. Tlie 
ecological manipulation of fire needs to address 
the varied response of individual taxa and the 
differing fire requirements of wet sclerophyll 
and heathland communities alike. Strategies such 
as mosaic burning, the provision of buffer zones 
to protect from weed invasion, appropriate fire 
frequeneies and monitoring programs (Gill & 


Nicholls 1989) are required. In heathland, fire is 
an integral component of the vegetation dynamics 
and important for the provision of regeneration 
opportunities. Frequency of heathland burning is a 
major determinant of persistence and regeneration 
possibilities of dominant taxa, with both long term 
absence and frequent fire capable of irreversible 
change in the heathland community (Cheal 1996). 
Mosaic burns provide the opportunity to assess the 
effectiveness of differing fire regimes, provide 
regeneration opportunities and limit the catastrophic 
effects of wildfire through variations in fuel load. 
In wetland communities the incidence of fire is 
rare, but fire protection may be needed to lessen 
the possibility of peat fires. In wet sclerophyll 
communities, an inappropriate fire regime could 
lead to a change in the composition of the under- 
storey, an increase in weed invasion and the 
elimination of fire sensitive taxa. Ashton (1981) 
and Gill (1993) note the fire sensitivity of wet 
sclerophyll taxa such as Prostanthera lasianthos 
and Pomaderris aspera and changes in the floristics 
of wet selerophyll forest in response to varied 
fire frequency. Logistical and park boundary 
considerations such as edge effects, and spread 
of fungal pathogens will affect the ecological 
manipulation of fire in Greens Bush. It is clear 
that management actions must respond to the 
results of monitoring and the observed response 
of plant taxa (Purdie & Slatyer 1976; Noble & 
Slatyer 1980) as well as conservation objectives 
and logistie constraints. The pollen record suggests 
that an inappropriate fire regime has the potential 
to lead to long term changes in plant community 
composition and structure. 

Pasture and agricultural development in Greens 
Bush during the European period is indicated by 
the displacement of Plantago varia by the intro- 
duced Plantago lanceolata, the introduction and 
expansion of the herb Riwnex, and increases in 
Poaceae and Asteraceae (Liguliflorae) in the most 
recent samples. The historical expansion of weedy 
herbaeeous taxa with European land settlement 
may affect the integrity of the herb component of 
woodland/forest communities in Greens Bush with 
a resultant decline in plant diversity. 


CONCLUSIONS 


With the exception of the last 200 years, the 
vegetation on Big Swamp and within the Greens 
Bush region has been relatively stable through 
most of the last 4500 years. There is some evidence 
from the dryland vegetation of climate change 
resulting in increases in effective precipitation 
and climatic variability from about 3200 years BP, 
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features which have broad regional expression in 
Australia and New Zealand. A general increase in 
the level of burning adds support to the proposed 
climatic variability. The local site evidence provides 
partial support for increased precipitation with 
gradual or stepwise increases in the water table 
and aquatie vegetation responses from about 
3500 to 1500 years BP. 

The question of aboriginal burning complicates 
the interpretation of the vegetation dynamics of the 
site. The limited evidence suggests that to somc 
extent, anthropogenie burning may have affected 
the vegetation history of the site prior to European 
settlement. 

Major changes in the vegetation of both the 
swamp surface and surrounding dry land vegetation 
have occurred during the time of European 
oeeupation. Many of these, such as the reduction 
in forest and woodland due to land clearance 
and the establishment oI exotics are documented 
historically. Others such as the differential response 
of taxa to altered fire regimes and the impact on 
swamp vegetation of altered hydrology and water 
quality are revelations that have major implications 
for the management of 'natural' vegetation within 
this eonservation arca. 
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